The study was performed to find the influence of organic matrix on hardness and fracture toughness of the human dentin.The mid-sagittal sections of the dentin were subjected to Vickers hardness testing after removal of organic component from dentin by heat treatment. The heat treatment temperature for human dentin was determined as 800°C by thermogravimetric analysis in order to facilitate complete removal of organic component. The removal of proteins from dentin was confirmed by Fourier transform infrared spectroscopy.The significant difference in hardness and fracture toughness values was found among the heat treated and untreated dentin (p<0.001).This study confirms the role of organic component of dentin on mechanical properties. Thus, helps in research and development of novel reparative materials
INTRODUCTION
The mature human dentin is composed of 70% of inorganic component, 20% of organic material and 10% of water by weight. 1 The inorganic material is mainly composed of calcium phosphate related to the hexagonal hydroxyapatite, whose chemical formula is Ca 10 (PO 4 ) 6 ·2(OH). 2 The organic matrix is composed of collagen (85-90%) and a variety of non collagenous proteins. 3, 4, 5 Most of the collagen is type I. 6 The dentin serves as an elastic foundation for the enamel and as a protective enclosure for the pulp and therefore mechanical properties are of utmost importance in determining the tooth strength. The most striking morphological feature of dentin is the tubule, with its hypermineralized peritubular cuff, influenced the mechanical properties of dentin. 7 The elastic behavior of dentin was due to intertubular dentin matrix, and not the dentinal tubules. 8 Any changes in the mineral imbalance caused by caries or developmental disorders, compromise the mechanical integrity of the tooth. But, the influence of organic components of dentin on the mechanical properties has not been clearly proved. Hence, the objective of the present study was to acquire the details on the influence of organic matrix on hardness and fracture toughness of the human dentin.
METHODS

Sample preparation
Twenty human mandibular premolars free of caries extracted for orthodontic reasons from young individuals were used for this study. The premolars were rinsed with saline after extraction and stored at -40°C and was used within one month. The samples were mounted in acrylic resin at room temperature and cut in the mid sagittal plane using hard tissue microtome (Leica, Rotterdam) to obtain specimens with the thickness of 1.5mm.The study included two groups, the control group being the samples with organic component (n=8). The experimental group was heat treated to remove the organic content in the dentin specimen (n=8).
Thermal treatment
The heat treatment temperature for human dentin was determined as 800°C by thermogravimetric analysis in order to facilitate complete removal of organic component (Fig. 1) . The heat treatment was performed with 8 specimens in a tubular furnace (Indfur, India) with oxygen atmosphere for 4 hours to 800°C to remove the organic matrix from the dentin. The removal of proteins from dentin was confirmed by Fourier transform infrared spectroscopy (Perkin Elmer, USA) (Fig. 2) . The untreated 8 samples were used as a negative control. 
Hardness and fracture toughness analyses
The hardness of the dentin was evaluated using Vickers diamond tip. The tests were carried out at room temperature with different loads form 0.98N -49N, until crack formation and dwell time of 15 seconds. For each sample, 8 indentations were made in the circumpulpal dentin. A distance of at least two times the impression diagonal was kept between the indentations to minimize interactions between neighboring indentations. The Vickers hardness was calculated according to the equation, HV = 1.854x P/ D 2 , where, HV -Vickers hardness, P -applied load, D -indentation diagonal (µm). 9 The fracture toughness was computed according to the equation, K IC = P/ l 3/2 â 0 , where, K IC -Fracture toughness , P -load, l -crack length, â 0 -Indenter constant equal to 7 for a vicker's indenter.
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RESULTS
In the mid sagittal plane, the lowest hardness values were observed in the heat treated specimens when they were subjected to different loads from 0.98N -49N (Table, Fig. 3a) . In both treated and untreated specimens, a pronounced load-dependent hardness behavior was evident. The hardness decreased as the load increased (Table) . The decrease in hardness was observed up to 55% in the samples in which organic matrix was absent by heat treatment. The optical micrography revealed smaller indentation impression in the untreated specimens compared to the samples in which organic matrix were absent. The fracture toughness and hardness values were directly correlated to each other and inversely proportional to load (Table, Fig. 3 ). The fracture toughness is related to the crack length. The optical micrography of the samples revealed the crack formed at a greater load in untreated than heat treated specimens. The crack was formed in untreated dentin samples when the load of 49N was applied. The samples in which the organic matrix was removed, the crack formation occurred when subjected to the load of 9.8N (Table, Fig.  3 ).The removal of organic matter led to a substantial decrease in the fracture toughness of about 57% in the specimens.
The Students t -test was used to test for significant difference in hardness and fracture toughness values among the heat treated and untreated dentin specimens. The statistically significant difference (p<0.001) was found between the control and experimental groups in the parameters, hardness and fracture toughness.
DISCUSSION
Human dentin essentially is a hydrated composite composed of nanocrystalline carbonated (calcium -phosphate -based ) apatite mineral (45% by volume), type I collagen fibrils (33% by volume) and water (22% by volume).The results of this study demonstrated that, although the dentin comprises 20% of organic matter by weight, it significantly influenced its mechanical properties confirming previous hypothesis. 11 With the objective to prove the validity of this hypothesis, we intended to remove the organic matrix in the dentin to check for its influence in hardness and fracture toughness. Thermal treatment method of organic removal was chosen since wet chemical techniques have been shown to alter the mineral content of bone which is similar to dentin. 12 Heating at high temperature (700°C -900°C) removed the organic constituents of cortical bone and the coralline hydroxyapatite without, apparently, affecting the interlocking framework of the hydroxyapatite crystallites. 13, 14, 15 The results of the present study showed statistically significant difference (p<0.001) in the mechanical properties tested, between the control and experimental groups as the collagen fibrils in dentin are roughly 50 -100 nm in diameter; they are randomly oriented in a plane perpendicular to the direction of dentin formation 16 and the mineral occupies two sites within this collagen scaffold: intrafibrillar (inside the periodically spaced gap zones in the collagen fibril) and extrafibrillar (in the interstices between the fibrils). The apatite crystals are believed to nucleate initially in the gap zone, followed by secondary mineralization of the interstitial positions between the fibrils. 17 The hydroxyapatite crystals, which average 0.1 µm in length, are formed along their fibers with their long axes oriented parallel to the collagen fibers. 18 It is generally believed that collagen fibrils form a felt work structure laid down perpendicular to the tubules and in the plane of the advancing mineralization front 19 and the intertubular dentin matrix, and not the dentinal tubules, dominates the elastic behavior. 8 Hence, the removal of organic component in human dentin significantly decreased the hardness and fracture toughness and weakens entire structure of dentin, as the type I collagen which acts as a scaffold that accommodates a large proportion of mineral (56%) in holes and pores of fibrils.
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CONCLUSION
Our findings provide information that the removal of organic matrix resulted up to 55% and 57% decrease in hardness and fracture toughness, which implied that the organic matrix is not only essential during hard tissue formation, but also has a functional role in the mature tissue and emphasizing its importance in maintaining the integrity of human dentin.
